WO 2005/ 020606 PCT/ US2003/ 025511 -1 METHODS AND APPARATUS OF TRANSM TTI NG
USER DATA USI NG TRAFFI C CHANNELS FI ELD OF THE I NVENTION: 5 The present
invention is directed to wirel ess comruni cati ons systenms and nore
particularly, to methods and apparatus for constructin ani zi ng, and
al | ocat i ngMOr289%02¢506 channel segnents in order to use t%’é: %W-”("ﬁ?@lgesour ce
in an efficient manner. 10 BACKGROUND In a wreless comuni cati on system

air link resources generally include- lhandwi dth over time or code over tine.
The air link resource that transports data and/or voice traffic is called a
traffic YHARHODS ANP ABBABATISS QE’éFRAHSW@TéN&HSER RATA USID T8AIFAC ti on

t he band@WHANNEESover tine avail able and how to allocate the partitioned
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channel U maj or portl on of the systemis air link
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e.g., a vxhaneblesgndmmqréemo ned the gir &ink sdsdurphiorm efﬂwlbnt nadnger. vary The | evel of
resource requested by a single user will change over tinme, e.g. a 25
wireless termnal may transition between states froma sleep state to a hold
stateot OBACKGREE(P; W th each state requiring different |evels of
resources. The levels of performance tolerated, requested, or required by
different users in terns of. acceptable signal-to-noise |evels, tolerated
error rates, fnf &fré&&%oﬂﬁﬁﬂ&u&?%ﬁg alr SN ESb Erol OLorbRHOUERR ARGIAANL S Of
resources, power requirenents urst data ra y al so vary. The
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| i Nk 151 es@dtig available and how to allocate the partltloned bandwidth over time between competing

oe)

users, is important, as the traffic channel generally occupies the major portion of the system's

air link resource.

A plurality of users, e.g., wireless terminals, throughout the cells of the system will be

20  operating concurrently and will request use of the traffic channel for the transmission of data
and/or voice traffic, e.g. segments of the traffic channel(s) of the system. The number and type
of users will vary in the system over time and compete for those air link resources. The levels
of resource requested by different types of users, e.g., a wireless data terminal vs a cell phone
will also vary. The level of resource requested by a single user will change over time, e.g. 2

25  wireless terminal may transition between states from a sleep state to a hold state to an on state,
with each state requiring different levels of resources. The levels of performance tolerated,
requested, or requirqd by different users in terms of: acceptable signal-to-noise levels, tolerated
error rates, tolerated delays between requests for resources and grants of resources, power
requirements, and burst data rates may also vary. The location of the user, e.g., wireless

30 terminal, with respect to: the base station, adjacent cell/sector introducing interference, and
obstructions may influence the selection of how to divide and allocate the available air link

resource.,



WD 2005/ 020606 PCT/ US2003/025511 -2 Certain structures of traffic segnents,
e.g., nore bandw dth per segnent maybe nore advantageous for one set of
probl ens, while other types of structures, e.g., |less bandwidth but for a
| onger tine duration may be nore beneficial to address other concerns. 5
Based uponWPREISHBYE di scussion, it shoul d be apparent RHASHREEY s a need
for inproved nethods and apparatus fgr segnenti ng and/ or using
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system however the invention 1s als I cabl e to other types of

comuni cdo1 alongy Sitnerduration gnay tEDie basfimahiocddiesnatheyonesrss. may have a

plurality of channels, such as, e.g., an uplink traffic channel for data

and/or voice 15 transm ssions fromthe wreless termnals to the base
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froma base statjion to the wireless ternminals, request channels, and
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grouped into transm ssion 20 segnents. In the case of an exenplary OFDM

i npl enentation transmi ssion units may be in the formof tone-synbols where
M HS EHESI NYe @:that is allocated for use for one synbol

transm ssion tine. The transm ssion segnent is the basic unit of a channel.

Over tine, a series of segnents are assigned for each channel. The
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al l ocating,transm ssion segnents i.n order to utiljize 25 the air, |link
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flexibility, and increase overall system performance. The channels may be
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channel may be .subdivided into.a plurality of .segnents in the time dqonain.
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The transmission units that carry the information, are grouped into transmission

20  segments. In the case of an exemplary OFDM implementation transmission units may be in the
form of tone-symbols where a tone-symbol represents one tone that is allocated for use for one
symbol transmission time. The transmission segment is the basic unit of a channel. Over time,
a series of segments are assigned for each channel. The invention describes methods and
apparatus for constructing, organizing, and allocating transmission segments in order to utilize

25  the air link resource in an efficient manner, minimize interference levels amongst users, reduce
overhead, conserve energy of users, balancing the system, provide flexibility, and increase
overall system performance. The channels may be subdivided, ¢.g. in the frequency domain
into sets of tones. The subdivided channels may be referred to as sub-channels or simply as
channels. For example, an uplink traffic channel may be subdivided into a plurality or

30 channels, e.g., with each channel having a set of assigned tones.

Each channel may be subdivided into a plurality of segments in the time domain. In

accordance with the invention, there may be a plurality of different transmission segment types.



WO 2005/ 020606 PCT/ US2003/025511 -3 Different transm ssion segnent types
are structured, in accordance with the invention, to achieve different
benefits. Sets of information defining each transm ssion segnent type are
stored in nenory prior to assigning segnents of the transm ssion segnent
type to on®O3pOSHNeEs transmitters. 5 The sets of infor BAYGRIBERISA ng t he
transm ssion segnent types includes information specifying a nunber of
transmission units to be transnmittedver a period of tine, e.g. nunber of
t one- synbol s/ segnment. The period of time is segnmented into slots. The tine
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diffegent for different transm ssion segnment types, e.g., sone segnents
occupy nore tine than other segnents. In sone 15 enbodinents, the nunber of
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segnent type be different, e.g. so seghents pmay have occu re
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the segnents. In sonme enbodi nentsS, the total nunber of transm ssion units
per segtiBs SeeEpene of ¢hsh fansnisHen wamenttprintlodésarspselfadatmbsy 9é transnfigsion

t h ; i SSi. :
Fone- symbor Lt i, o HOHE Rl BFen oy e SRET TR Boa SRR b B which
faci|itatisegnanapf diramstmisivhrsegmén is trasméttey niaydte dfgantrior diffetenf transinission any

ot her segnent, and thus delay is reduced i.,n segnent allocatjon for
r et r ans P BhYBET s &Yme se%rfegts%%irﬂcgﬁpm&t‘ge ‘HQ%Y S&W?ﬁf'af&égmn al | owi ng

f1 exiibi | efPodifhests, tRE Alrh®dR of trinstibsioM s H& it e fof BAE @ﬁ& 8f irfshfigiono be
pre-defined between different tyﬁ)es of segnments, and then allow ng the
segment may be the same as for another type of transmission segment, e.g., same number of

tone-symbols in each segment, In some embodiments, the number of transmission units per
unit time for segments of different transmission segment type may be different, e.g. some
segments may have occupy more tones in the frequency domain than other segments.
20
In some embodiments, the number of transmission units per segment may be different
for some of the segments. In some embodiments, the total number of transmission units per
segment may be the same for one transmission segment type as for another transmission
segment type, e.g., the same total number of tone-symbols are in each segment. This
25 embodiment has advantages in facilitating rapid retransmission, as any lost segment will fit into
any other segment and thus delay is reduced in segment allocation for retransmission purposes.
This embodiment also has advantages in allowing flexibility in allocation, in allowing relative
characteristics to be pre-defined between different types of segments, and then allowing the
segments to be allocated to users to take advantage of those properties.
30
There may be a plurality of N traffic channels, and sets of information on each of those
traffic channels may be defined and stored, in accordance with the invention. The information

on each traffic channel includes information defining segments of a specific transmission



segnents to be allocated to users to take advantage of those properties. 30
There may be a plurality of Ntraffic channels, and sets of information on
each of those traffic channels may be defined and stored, in accordance
with the invention. The information on each traffic channel | %% des
i nf or mat i OWOJRISOAI%AY segments of a specific transnissicﬁ?nﬂﬁz%ﬁg 0606
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of segments within the channel. In #ccordance with the invention, the start
times of segnments within different channels may be different. 5 In sone
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whenifower numbers of segnents start, those reserved nmay go partially

unused yet stjll use up . handw dth, and thus the bandw dth can be wasted.
In accordance with the invention, the start times of a plurality of segments in different

channels may be defined and stored so that the start times are distributed to minimize the
variation in the maximum number of segments that start in any given time slot. By minimizing
the variation in the maximum number of slots that start in any given slot, the allocation

20  message structure can be made more efficient, and require less resources, e.g. bandwidth,
making that bandwidth available for other uses, e.g., more user data. For a high variation in
start times, the allocation channel allocates bandwidth for the highest number of possible
concurrent start time messages; however, when lower numbers of segments start, those reserved
may go partially unused yet still use up bandwidth, and thus the bandwidth can be wasted.

25  With minimum variation in start times, air link resources can be conserved.,

In accordance with the invention, in comparing transmission segment types with the
same number of transmission units, e.g. tone-symbols, transmission segment types may be
differentiated between segments with more transmission units per unit time sometimes referred

30 to as “tall” segments, e.g. those with more tones, as opposed to segments with less transmission
units per unit time sometimes referred to as “long” segments, e.g., less tones per symbol time

but longer time duration of the segment.



25 Wth mnimumvariation in start times, air link resources can be
conserved. In accordance with the invention, in conparing transm ssion
segnent types with the sanme nunmber of transmi ssion units, e.g.

tone-synbol s, transm ssion segnent types nmaybe differentiated between
segment s VIVOHOUHRES0¢ r ansmi ssion units per unit time sofYFEYMEPE red 30 to

as "tall" segnents, e.g. those with nore tones, as opposed to segnents with
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than the transm ssion segnents with nore transm ssion units per unit tine.
In sone &R§SSsegnat, e dogadhec segment tHpe have speeiraspawiondity RerjBt Hmeeidessssi on
unit basis g%@ﬁ%]{s &r 4N f | Sarfhni f 2. In
accordancengvﬁ\nﬁt t he :isn{/eﬁr?ﬁ%%pﬁtss ﬁgleggg’g&gtﬁ gftsi%%énéutl éls{z%g?% %thgg%eﬁgati on
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priority. The base station uses the structural information in the

segment af¢EaENEdRatigast a fagtorofdssi fi cations  of types of segments, with known
performance advantages and di sadvant ages associated with each type, to

mat ch users to types of segnents to effectively and efficiently bal ance the
system In accordance with the invention, the base station utilizes the segmentation and

allocation methods of the invention to effectively utilize the air link resources. The base station
20  and wireless terminals interchange information to classify users, based upon interference levels,
channel quality reports and evaluations, power information, user requests, and user priority.
The base station uses the structural information in the segmentation scheme, e.g. classifications
of types of segments, with known performance advantages and disadvantages associated with

each type, to match users to types of segments to effectively and efficiently balance the system.

25
BRIEF DESCRIPTION OF THE FIGURES:
Figure 1 illustrates two exemplary traffic channel segments illustrating that the air link
resource occupied by a traffic segment may vary from one segment to another.
30

Figure 2 illustrates air link resources in the context of an exemplary OFDM system.



25 BRI EF DESCRI PTION OF THE FIGURES: Figure 1 illustrates two exenplary
traffic channel segnents illustrating that the air link resource occupied
by a traffic segnent may vary from one segnent to another. 30 Figure 2
illustrates air link resources in the context of an exenplary OFDM system
WO 2005/ 02006ep529ppeS2003/ 025511 -6 Figure 3 illustratP@WéB@ﬁ%b’di nment of
constructing traffic channel segnents where the traffic channel is divided
into nultiple sub-channels in the fréhuency space and each sub- channel is
divided into a sequence of segnments in the tinme space in accordance with the
present i nveRisi? illgstrtegiane erhbpdimest efpoasirugties @a&%ﬁﬁh@nél‘ segmerip yihag thhe
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channel aldntlriaflivided 0 acéqienea of segreents inhke timafface ircdraomdehcesetntha presérdy e
been staggered achieving nore efficient use of assignnent channel segnents,

in accor SHA¥® i t h t he present invention. Figure 6 illustrates an exenplary
systeg usi ng the net hods and apparatus of the present invention. 15 Figure
7 illustrates_an exenplary base station inplemented in accordance with the

present i nvenkigsie 4 ifpgiates oge example phareansing thoqspipnmest channehaddhe pifis| ess
term nal ), 1 opl.enent cé&ithﬁ%p@%%?trigﬁ?ﬁgnm th the present invention. Figure 9
et ‘0 rarfi

illustrates an exenplary s ¢ segnent information which may be
stored in a base station and/or wireless termnal prior to traffic segnent

assignnments. 25 Figur Oillustrates .sets.of .traffic annel information,
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channel segnent assignnents which can correspond to different traffic
of assignment channel segments, in accordance with the present invention,

Figure 6 illustrates an exemplary system using the methods and apparatus of the present
invention.
15
Figure 7 illustrates an exemplary base station implemented in accordance with the

present invention.

Figure 8 illustrates an exemplary end node (wireless terminal) implemented in

20  accordance with the present invention.

Figure 9 illustrates an exemplary set of traffic segment information which may be stored

in a base station and/or wireless terminal prior to traffic segment assignments.

25 Figure 10 illustrates sets of traffic channel information, e.g., predetermined traffic
channel information, that may be stored in base stations and/or wireless terminals and used to
make or interpret traffic channel segment assignments which can correspond to different traffic

channels for which predetermined information is stored.

30 DETAILED DESCRIPTION:

In one embodiment of the invention, the traffic channel includes a plurality of series of

traffic channel segments. A traffic channel segment occupies certain air link resources for fixed



channel s for which predeterm ned information is stored. 30 DETAILED

DESCRI PTION: I n one enbodi nent of the invention, the traffic channel

includes a plurality of series of traffic channel segnments. Atraffic
channel segnment occupies certain air link resources folgc,}i/bg(z%gly(}é\glgOOS/ 020606
PCT/ US2009/00268129606- 7 finite tinme duration. For exanple, an exenplary
traffic segnent may occupy a specified bandwi dth for a given tine interval.
At any given tine, there can be rTLI|tI ple traffic channel segnents that are
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segnents. In the OFDM 25 system available bandwi dth 206 is divided into a
nunmbler of ort hogonal tones 208, e.g. siX

The air link resource could have been structured in terms of code units over time. Ina
similar manner to the Fig. 1 exemplary illustration, if air link resource is represented in terms of
code units over time, segment A could have been structured to include one time slot and two
code units while segment B could have been structured to include three time slots and one code

20  unit.

Figure 2 illustrates a graph 200 of frequency on the vertical axis 202 vs time on the
horizontal axis 204 which may be illustrative, for the purpose of explanation of the invention,
in the context of an exemplary OFDM system using traffic channel segments. In the OFDM

25  system, available bandwidth 206 is divided into a number of orthogonal tones 208, e.g. six
tones are shown in Fig. 2. At any OFDM symbol period 210, any of the tones 208 can be used
to transmit a complex number representing the information to be communicated. Fig 2 shows 5
OFDM symbol periods 210. The basic unit of the air link resource is a tone 208 at an OFDM
symbol 210, which is called a tone-symbol 214, illustrated by a square in Figure 2. Air link

30 resource 212 of Fig. 2 includes 30 tone-symbols 214. Each tone-symbol 214 can be used to
transmit a modulation symbol that carries information. A segment includes one or a plurality of
tone-symbols 214 over a fixed time interval. The invention is described in this application

using the OFDM system as an exemplary system, with the understanding that the invention is



tones are shown in Fig. 2. At any OFDM synbol period 210, any of the tones
208 can be used to transmt a conplex nunber representing the information
to be conmunicated. Fig 2 shows 5 OFDM synbol periods 210. The basic unit
of the air link resource is a tone 208 at an OFDM synbol 210, which is
call ed a Momeos sl 214, illustrated by a square in FEGRUSZ9305H 1 i 30
resource 212 of Fig. 2 includes 30 tone-synbols 214. Each tone-synbol 214
can be used to transmt a nodul atio‘ﬁ‘synbol that carries information. A
segnment includes one or a plurality of tone-synbols 214 over a fixed tine

i nt er val apriipablg ioatharispriemsasgedll sudbed, 68, YRiems apipgiCode Division yuliiple AscesrDv

system a I : j nder standi ng that the invention is
WO 2005/ %@@%ﬂ%&%gﬁﬁ%@%ﬁ&% (g%g%éabl e to other systens as wel |,
such as, e.g., systems using Code Division Miultiple Access (CDWVA), Tine
Division Mult]ple. Acces T . traffic.channel. seqgnment is_the basic unit
of 't he ' af 11 SRR spnL b e besionat of e VRN EehaBir ARt FHES HF o

downl § nKerabslindgrts, Mkeré brfdoiv@liflh aiiNgilink @gffR thennel bgnichaf fThe taffRruhednel r esour ce
is allocated in a formof traffic segnment al]ocation. That is, the base

station ¥8euresis allecatpdsin @ fommneffeaflic esgmspt dlogaion, dhatsig the base gtationpssigng s s

t er m nal I t : L u i s yalce
traftic (o ndinel EfmenS N e LAY cied 3fthas MGl BARS cIPKiEh U HESBIMRLCT
traffic ussrsrhesivesditaneck wasic inkthe pssigned deveninduitadfic Sageieatslon transmuihdadd/veicaf f i ¢

e B B AR TARUR PO s B3P

assi gheddifferadsfort dne bégntnd & anbthet MR REENH1BEN FYSEEET) se%mém FATBTECiE assighdd (s er
experience, in some enbodi nents, e time duration of a traffic segnment is

ments, th
short suB¥ #1 pd segmentyaded Sravsnsh (e B Paph eNdgr Weahaicetiresypierrerierefafine|
segment s;dqusdi dbef&Rt, iHS6h 66BN Ghe fifle bMGEn b @«{g&fﬁe ssg%g&% is3h6k Shannel
conditions, which nmay be tine varying in generarf. The traffic 15 channel can
be thus tefibebiseesiaios han repidbnatsigy ttertiadBd ¢hanuad! segragnesitoatiffergntaisérs ecoondingiser s

ina se = - nt Jmanner. ..l.n_one. enbodi nent, t.he.anoun f aitL |ink
resourc egnclﬁa%at.r%%lf %ggféﬁﬁ% (Ca}rlang? (‘108?‘}@9233/ Wﬁ‘bcﬁ é‘}aygﬁqu’?%%ﬁrw‘% VAR S50 fl?ectracfﬁ% nnel
segneht schagndl loen beias effativelyahptéanddinasgnelocard ahmwg differém® 0sers G synbol s
over 5 OFDM synbol periods, while another segnent can have 2 tone- synbols
over 25 tSEBIFRSYMIRSIMCPLRAYYE. Advant ageously, having the sanme nunber of
tone-synbols for all the traffic channel segnents can facilitate

retransm ssion (ARQ automatic repeat request). For
In one embodiment, the amount of air link resource, i.e., the number of tone-symbols, of

individual traffic channel segments is the same. For example, one segment can have 10 tone-
20  symbols over 5 OFDM symbol periods, while another segment can have 2 tone- symbols over
25 OFDM symbol periods. Advantageously, having the same number of tone-symbols for all
the traffic channel segments can facilitate retransmission (ARQ, automatic repeat request). For
example, suppose that the user data information is conveyed by a set of modulation symbols
with certain coding and modulation scheme. Those modulation symbols are transmitted with
25  the tone-symbols of a traffic channel segment. Assume the receiver is unable to successfully
receive the segment. Then, the same set of modulation symbols can be retransmitted with any
subsequent traffic channel segment, as each of the segments have the same number of tone-

symbols.

30 One embodiment of constructing traffic channel segments is to first divide the traffic
channel into multiple sub-channels in the frequency space and then divide each sub-channel
into a sequence of segments in the time space. Figure 3 illustrates such a construction of traffic

channel segments in an exemplary OFDM system. Figure 3 includes a graph 300 of frequency
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one tone (tone 1 306) over two time slots.

20

A reason of organizing the traffic channel in segments is to have great freedom of

allocating the traffic channel. U.S. Patent Application 09/706,377 describes a system where
each traffic channel segment is independently allocated. Thus, those segments can be
potentially allocated to different users rapidly, thereby enabling highly efficient statistical

25  multiplexing. In that system, there is an assignment channel, which is separate from the traffic
channel. Each traffic channel segment is associated with an assignment channel segment,
which is used to send an allocation message that specifies the identifier of the user allocated to
that traffic segment. In general, an assignment segment is transmitted no later than the
corresponding traffic segment. In one embodiment of the system, the time difference between

30 an assignment segment and the corresponding traffic segment is constant, which represents the

minimum requirement due to storing or decoding the received control information.
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15

In the first example of assignment/traffic segment arrangement shown, illustrated by
Fig. 4, the segments of the sub-channels are structured such that the number of the traffic
segments that start at any slot varies from 1 to 3. For example, at the start slot 434, 3 traffic
segments 414, 416, 418 start; however, at the start of time slot 436 one traffic segment 420
20 starts. Consequently, each assignment channel segment 410, 412 includes the capability to
include at least three allocation messages. Assignment A segment 410 conveys 3 allocation
messages for traffic segments 1 414, traffic segment 2 416, and traffic segment 3 418. When
only one traffic segment starts, the corresponding assignment segment includes only one
allocation message, and the remaining information bits, which would be available for another
25  two allocation messages, are unused. Assignment B segment 412 conveys one allocation
message for traffic segment 4 420. As the assignment channel is to be broadcast to most of the
users in the system, any information bits in the assignment channel cause significant power
resource. Hence, in the example of Figure 4, the unused information bits in the assignment
channel, e.g. in assignment B segment 412, waste the system resource.
30
Figure 5 includes a graph 500 of frequency on the vertical axis 502 vs time on the
horizontal axis 504. Assignment segments 506 are indicated with dot shading, and include an
assignment A segment 510 and an assignment B segment 512, Traffic segments 508 are
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segment 512, Consequently, each assignment channel segment 510, 512 include two allocation

messages and does not leave information bits unused due to structure. Thus the implementation

of Fig. 5, using reserved bits (resources) for 4 allocation messages / 4 traffic segments is more
20  efficient over the implementation of Figure 4, using reserved bits (resources) for 6 allocation

messages / 4 traffic segments,

Given a coding and modulation scheme, traffic channel segments of different shapes
result in different burst data rates, and therefore can be allocated to meet the rate and delay
25  requirement of different users. For example, a "tall" segment, which has a large number of
tones over a short time interval, e.g. segment 514 of Fig, 5, results in higher burst data rate than
a "long" segment, which has a small number of tones over a long time interval, e.g., traffic
segment 516 of Figure 5. Hence, a tall segment can be allocated to a user that is sensitive to
delay while a long segment can be allocated a user that is insensitive to delay. In addition to
30 the above traffic service consideration, the physical layer consideration can also be taken into

account when traffic channel segments are allocated.
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allocate l'ong 10 segnents to users far fromthe base station fromthe path
| 0oss per §pessssias power is doubled, the capacity may be much less than doubled (power saturation).

For a user in a bad location, the capacity of the communication channel is often power limited,

20  inthe sense that even if the transmission bandwidth is doubled, the capacity may be much less
than doubled (bandwidth saturation). In one embodiment, multiple users are allocated to the
simultaneous traffic segments, each with a sub-channel, The set of simultaneous scheduled
users includes users in a good location and users in a bad location. Users in a good location are
allocated to tall segments, while users in a bad location are allocated to long segments.

25  Furthermore, consider the normalized transmission power of those traffic segments, which is
defined as the allocated power for each tone-symbol of the segments. The normalized
transmission power used in tall segments is preferably smaller than that used in long segments.
In one embodiment, each sub-channel is allocated a fixed budget, which is a fraction of the total
transmission power budget. The transmission power of the segments of each sub-channel is

30  thus bounded by that fixed budget.

In some embodiments users may be classified in a plurality of levels between "good

location" and "bad location" definitions. Similarly, the types of segments may be classified in a
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Figure 7 illustrates an exemplary base station 700 in accordance with the present
invention. Exemplary base station 700 may be a more detailed representation of base stations
602, 602' of Figure 6. Exemplary base station 700 includes a receiver 702, a transmitter 704, a
processor 706, e.g., CPU, an I/0 interface 708 and memory 710 coupled together via a bus 709.
25  The various elements 702, 704, 706, 708, and 710 may exchange data and information over bus
709.

The receiver 702 and the transmitter 704 are coupled to antennas 703, 705, respectively,
providing a means for the base station 700 to communicate, e.g. interchange data and
30 information, with end nodes, e.g. wireless terminals, within its cellular coverage area. The
receiver 702, including a decoder 712, receives and decodes signaling, which had been encoded
and transmitted by end nodes operating within its cell. The transmitter 704 includes an encoder

714, which encodes signaling prior to transmission.



614 respectively. Simlarly, BS N 602" is coupled to a plurality of end
nodes (ENs), EN 1608, 10 EN N 610' via wireless links 612', 614’
respectively. Cell 1 604 represents the wireless coverage area in which BS
1 602 may conmunicate with ENs, e.g., EN 1 608. Cell N 606 Eresents t he
wirel ess oovensgmearea i n whi ch BS N 602' may connunlcﬁFERQFWW ¥, e.g., EN
1 608" . ENs 608, 610, 608 and 610’ Egy nove t hroughout the comruni cations
system 600. The base stations BS 17602, BS N 602' are coupled to a network
node 616 via network links 15 618, 620, respectively. The network node 616
is coupled to other network nodes, e.g., other base station, routers, hone

agent node, AMNRGHHGA b KR 1AILE F&ﬁ'ﬁh@saf-l's%d ﬁ‘&tﬁ/@ﬁfﬂﬁh&iﬂn@%ﬁé o¥&Sor mdes
etc., and the internét via network |ink 622. Network Iinks 618, 620, 622 may

be, e. g. gontiblsithe opspation of étvl base stafeonwidp by lek enutia2 ougines1 18ead atilizing er f ace

out si de_ e GONINGL 536 ;0B S Sh 1) 0,000 uAlLOWPGO NSRS Sens il 7ENSpg b

comuni ca nodes ou e sys |gure rates an
exenp$ ar ¥0 hﬁﬁ&cs ves |t@per?&ﬁ1 the prcesind 2omteo [l Hihsichﬁsep&‘tmrﬁmctioﬁvlﬂ:marﬂno
Exenplar ge sta ion 700 be a nore detail ed representation of, base
stat i ons andb‘élé’ eyt &’ied‘GW ERIPERKrmsats o the prosghf HeRtipn e

recei ver schBduling of 1 RSE talt§d seé%nt 0 IREFERIDO hrokkfes b@se&taﬂo@b’@ wAfh ah10
interface 708 and nmenory 710 coupl ed together via a bus . 25 The vari ous

el ement sinfagface tpghe inpgaet and gtheppriwarkarodesy ¢ gx @K@m@élaéﬁdl@&“’%ﬂ‘?dloﬂ?ﬁ BUESi on over
bus 709, A& JF REde eﬁoﬂ@%reﬁﬂ%gﬁg‘ Btcl 'ﬁﬁﬂ%ﬂb&#g g ﬁéldé%‘ (SRR rg%ﬁ@]%\gﬂt ennas

703, 705, respecti vel 4 neans ase statl
comii c‘airel,essemys wﬂhtbese:d’namg@Odm eonaed, @hmufieteyand mterchanghdaadndrodes, e. g.

Wi rel ess, nal s it its cellular coverage a The receiver 702,
et u: i RRED R olfiehped bisd, EE. sl etEbRde, SrouRh iy CORRTCRAY  beon
encoded syRé¢h dndantemad tede BympRdicRRARTsteRes Al iaghdintdied. its cell. The
transnitter 704 includes an encoder 714, which encodes si gnaling prior to

transm ssi on. WD 2005/ 020606 PCT/ US20031025511 -14 The rrermry 710 i ncl udes

et o of W) B Ol BL b Acalié ol ER0L L0 GARLI U e

operation of 't ase stati execut'ing’ routi nes dutitizi ng
dat al$ nf @4reithiedasc/@fionrconteoioroytined 024 mclmpﬂraastched'ulfm 726 &eﬁh\aeiegﬂ&il mdi¢teng

transmtte , -an he .5 I/O erf , ocessi ng
control | 1% n%%‘ cﬁﬁg% oo BRH 0'534 efl{)l SfatiiE 738, SRRt
data/info 738. The user data/info 738 mcludes a plurahty of user information, user 1
information 740, user n information 754. Each user information, e.g., user 1 info 740, terminal
Identification (ID) 742, data 744, request information 746, status info 748, quality report

20  information 750, and classification information 752.

Data 734 may include received data from end nodes (wireless terminals), data to be
transmitted to end nodes, data being processed, and data to support the functionality of the base
station 700. Segment information 736 includes information on the number of segments, type of

25  segments, status of segments, size of segments, sets of tones in segments, number of tone-
symbols per segment, relative positioning of segments, categorization of segments, traffic
segment information 730 and assignment segment information 733. Traffic segment info 730
includes segment type information for a plurality of predetermined segment types. Traffic
segment information includes information defining segment slot times, and information

30  defining which segments are "tall segments", e.g. large # of tones, and which segments are
"long segments", e.g., longer time interval but fewer tones. Sets of information defining aspects
of individual traffic segment types are included in some embodiments. Traffic channel

information 731 includes information about different traffic channels. Each traffic chammel



control and inplenent the new features and i nprovenents of the present

i nvention including scheduling of users to traffic segnent. 1/0 interface
708 provides base station 700 with an interface to the internet and other
net wor k nodes, (9 i ntermedi ate network nodes, routers, AAA server nodes,
home agentWRG#92068 c. . thus al | owi ng end nodes communi REVHH03RFSSLgh 10
wireless links with base station 700 %}o connect, communi cate, and

i nt erchange data and infornmation with ot her peer nodes, e.g., another end
node, thr,og_‘ out the communi cation systemand external to the co ni cation

system  &iclides g plyraliiyof SERERE ROMRUY CPREBORE forciRale SERMRPERITIE routines

722, andg t BRI if IS RIFFE QUMhEES an %%1%3411115_9% RaAR @hAldfe control
routi nes 724 includes a schedul er 726 w a segment natching routine 728.

The dat aboimdilyroma s¢gmrenyighi ﬁtﬂf@@l@lsmcl@ltl@fOMOns?égmmdei; aicrehannehsizezgd and
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i nf or mat on, U’SGI’ I'n r for I'TB. I on user

i nf or frat sePipenestget timds €or eichﬂi’effﬁc dfnelt erminal  Identification (I1D) 742, data
744, request information 746, status info 748, quality report 20 information
750, and classification information 752. Data 734 may include received data

from end nodeAn(eseerﬁﬁble/ss%tmfa%a@g&)enuﬁmaﬁ&lmls EHMM%mﬁmeend nodes,
data bei rr)lggprocessed and data to support the functionality of the base
I

station ated girbertimicnt; Briigsegmeny oy m@bldpsﬂ pluredity ofX 6¢ts ehie nunber of
segment s 1nf51§ﬁ9d(ﬁo€feagl§01§r$ber J')% §<‘tts éttlﬁl%oﬂﬁﬁtgon] cfe?lgfﬁgr&td?ffergﬁtzt% réaflt @@?e@ﬁ% sets of
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and assi gnment men ormation 733. Traffic, se i.nfo. 730 | udes
segment {BAKE lp%ﬁ’&%ﬁa‘ﬂvmf] tragsmigsign Hpitsner Yripimp peris ehigh AdndBdrdan e R Efg
Traffic s Nthik D RRbA 81 'b@ﬁlo‘tigﬁ%f'aé‘ﬁ&‘ﬁﬁ@gtthé’ﬁeléﬁtfdf'&'tfbgﬁe?%ﬁttsnﬁe%
tinmes, i nformation 30 de?]l ning whi ch segments are "tall segnents", e.g.

| arge # @fdlqatﬁsélse nugher it t@b@mmsﬁ@rl@ a unit §img pstigdere o7 symboliimey ingger ti ne
t |
| V2 s SRS 8088 nca 1 Ao LBLAY R4 PRS AR RS B ne

chanigl infofeotiont8@y 80‘3:]5o| 1nc1hdtd ecﬁa]i trihernivsibh omnit alxabir igfofrh&ionrng4s T&H. f Tids
channel s, [Each tt f fic }(l:ha e §005/ 020606, PCT/ Us2003/ 025511 = - 13
el udes TOBIPR IHSHSSE %t@&ﬂa ReT 96 PRSP Qo & S fmivgt @ idhalyer Agied dégnent
type. A giensl 10, 3E05MALE ﬁlfdrﬁféhéhj €fhel tBtalRFhbel bATrsthi GRANMS ralbe 3PACifHAVEN
time, e.g., traffic channels are
as a fixed number, as a number of unit transmission time periods or in some other manner.
When specified as a number of unit transmission time periods, the number of total transmission
20  units in a segment of the defined type is equal to the transmission units per unit time indicated
in information 782, 782' times the corresponding number of unit transmission time periods
indicated in information 78, 784', Each transmission segment is divided into one or more time
slots. Each set of information 780, 780" includes information indicating the number of
transmission unit time periods, e.g., transmission symbol times, in each time slot for the defined
25  traffic segment type. When considered in combination with the transmission unit per unit time
information 782. 784, information 786, 786' can be considered as indicating the number of
transmission units per traffic segment time slot for a segment of the defined type. As will be
discussed below, both base stations and wireless terminals may store traffic segment

information 730 and use this information in combination with assignment information to

30  determine the shape, duration and/or total data capacity of an assigned traffic segment.

Traffic segment information 730 is used in combination with traffic channel information :

731. Fig 10 illustrates and exemplary set of traffic channel information 731. The exemplary



normal |y one segnent high. Traffic channel information 731 includes traffic
channel size and structure, information defining sub-channel conposites. It
al so includes informati on about 5 segnment start tines for each traffic
channel . An exenplary set of traffic segnent information 730 is shown in
Fig. 9. |Rydhesodobdsustrated enbodi ment, traffic segmenPCTHYOHEASFIAN i ncl udes
a plurality of X sets of information, each one of the x sets of information
defining a different type of traffi cl%egmant. 10 Each set of traffic segnent
type definition informati on 780, 780" includes information 782, 782

i ndi cat i Weffie Karpeliptormation 734 isehidesiMbyeta ofitresfiqehannel informpation 980, B8’ Whereh are
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time peri ogcsﬁ%ﬁtlln %gnr%g %’E errhnanr?gr. %ﬁ&gﬁl{;em I usgtsi' gﬂﬂ;}s&s er g uni t
t r ansmi stme mfoinmiiop894 a9 94t Wil mumbBy bediffesnal transni ssion 20 units in a

segnent of the defined type is equal to the transm ssion units per unit tine
indicated in information 782, 782' tinmes the correspondi ng nunber of unit

transgn ssi on AdstERAnfet degfisnt ihfodkhSednemd 3iifclhdet aifomiation sgdkifyifd4he nndtedd of
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conbi nat segmeniist MetnhinaltlPaid ns zbasentation defimed identificationmdor thevhssr,reeg. i wirelds82. 784,

informatjon. 7 786, _can consd dered. as Jndicati.ng the. nunber of
transm s SrBnAthed PRm ST ol BROHIRE e BUF R R B T e

defi ned Ryqiest id® ME mayhifclud 13quSS GebnDik Qvér fHQL dhah@SeSf skdtél rédqusts Br@noke I €l ess
termnals may store traffic segnent information 730 and use this

i nf or mat #Asation Ldapd g B%W%rﬁgveag,shug% AafArate FaBesa sIHIVELY oBthedserdP ni ne t he
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Traffic se I nfornati on onbi nati on Wt aftfic ‘channel
i nf or mat ¢wmserpver vy stelusiahfl irgenfatres laveld thereapisarperisatingf Quelith fréporichannel

| nf or mat {-n?or}mgfc‘folﬂ 7518~| n%a}? ﬁgﬂl‘ﬁle ?erebebé\Q il‘%gl%’ISa{ﬁ%IZI (%r%(x)quhep %Igr lé?r%c%%ﬁﬁg gc?v?r:lllil'nk channel
20  quality, levels of interference being experienced, etc. Classification information 752 may
include a category that the user has been placed in concerning type of traffic segments to be
allocated, e.g. whether the wireless terminal is considered a "good location" unit or a "bad

location" unit.

25 Communications routines 722 includes various communications applications which may
be used to provide particular services, e.g., IP telephony services or interactive gaming, to one
or more end node users. Base station control routines 724 performs functions including basic
control of the signal generation and reception, control of data and pilot hopping sequences,
control of encoder 712 and decoder 714, scheduling, allocation of bandwidth to users,

30  scheduling users to terminal IDs 744, and control of the output transmission power from the

base station 700,



-16 traffic channel information 731 includes N sets of traffic channel

i nformati on 990, 990" where each set includes information corresponding to,
e.g.., defining, one of Ntraffic channels. The set of information 990,

990" corresponding to each traffic channel includes information 992, 992

i ndi cati ngve PWsHIp of segnent used in the traffic chaRh&USHNEP ¥ or mati on
994, 994' 5 indicating the start ti of the segnents which formthe traffic
channel . Segnent start times of different channels may, and often are,

staggered to Junimze.the i mum del ay. bet wee n t consecuti ve segnment ‘
start times ofiepeseiiatign QoplpLiolines alsn Slod i rson e d20- K CBamIB TS ar |
tinme infobmaireREs t82inA8 do 43 hinaMibd 74208 kénediier g heladia sedenSSdt nt

segnment information 733 includes information specifying thée nunber o

traf fic wagpefSwhipkperfarpssestaens myirhingae g tallecaitonof trafficohannsl sagmsaiséel on t he
rotti heied STREHS .
hset gnmen oo terilS 1 G Wi e ihdds Yol Nt 9 BRIMEI0ll o

defi ned pesmt invert®mhi on for the user, e.g., wireless termnal. Data 744 may
i ncl ude specific user data such as data to be transmtted to user 1. 15
Request info 746 may include requests fromthe user for a change of state,

requests for mRbMe ebbaRhisOfkgRbntiAREMhEiNtindAVREteS SshuRptsof di&lt data rate
requests, sensitivity of the user to el ays, etc., Status information 748

may i ncl SREECRHRPYS a6 § Swction gf wansmissia chammel.  As pprt off thepllocangprocesh thauser power
| evel st I ; : : [al erd | '

roport . CEnRRL Bl ARGRAAALE, dITIER ol Bor ERE AU Mond b
concéd ni regmutelsytas hitter ransmeissi@id) clpnadlicoyditidmsy &his iofornrallgrdetermmed fromi ng
experienced, .etg. sif.icati.on informatiqgn 2 na i ncl at egory
That t et iy GedfiinfBhm ol neidl i o5Be wBRtess el st Lo be
al | ocat eglatidh for powee eh@foltah@ oiéched8ing phi@bsssNB adcsrdaRdtswitiebiskush " good

| ocation” unjt or a "bad location” unit. 25 Conmunications routines 722

i ncl udeseweadinens. the peammt meiching reiipeiabienated iwnginistinn segmentieofadtet RS tpr ovi de
particul gp wiffedd féﬁﬁiélalewﬁh the'b@%ér%‘hﬁﬂfé%&ﬁdﬁf%ﬁé’ ézﬁles%gﬂ%nﬂ d?.ta‘%E&ﬁi;%% tggmng, to
one or nore end node users. Base station controf routines perforns

f unct? onwirelessl terdiing thehbaca lowenyuality afmminécatiognetiange n@hatégnrentsod theecept i on,

decoder P isEe B ey Tongtf BRn b sRETH S P o eor S RS0eERREA L) | ng
users t owitResthpirhtivieIsbaddAanrencorfdaidhg Be 1IRELytH Be BUEdALEH sbgrAdiidivRieh @klyaewer from
the bast%w%% t%gllesopner Zyn?f)ol time but include more symbol times than the segments which are
allocated to wireless terminals with better channel conditions. In accordance with the present
20  invention, segments of the first and second type are often transmitted at the same time, e.g.,

with segments of different types being allocated to different wireless terminals.

Power allocation routine 729 allocates power to be used in transmitting segments. In

some embodiments the routine allocates a first amount of power per transmission unit to be

25  used in transmitting segments of the first type and a second amount of power per transmission
unit to be used in transmitting segments of the second type. In some cases, the second amount
of power per transmission unit is at least twice the first amount of power per transmission unit.
Since the segments of the second type include fewer tones per symbol time period, the
comparatively larger amount of power allocated to the second channel as compared to the first

30  channel does not place an undue burden on the base stations total transmission power budget.
Furthermore, since the transmission segment of the first type are used for transmitting to the
wireless terminals with the comparatively good channel conditions, lower per tone power

transmissions than the power level used when transmitting segments of the second type still
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al so include a schedul er 726, which schedul es users, e.g., wreless
terminals, totermnal I1Ds 742. The schedul er 726 includes a segment
matching routine 728 which perfornms segnent matching, e.g. allocation of
traffic chgonglsseesents to wireless termnals, in acREIRSIBRBIEh t he
nmet hods, features, techniques, and structures of the 5 present invention.
In sonme enbodi nents, segnent matchi np} Toutine allocates segnments of
different segment types as a function of transm ssion channel. As part of
t he al | opuevides agequetedmnsmission gealite nBy alidcetingaylargsutuimber efctorgsip dedcestivigh of
mul tiple C f t better
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qual ity fcaadisbednditiohs) reffidiénd nsepsfaMimicsd tbiyl temimssfontpb%x/\bucgbms beachitvedl s to
t he base station for power control and/or scheduling purposes. In
accordance with one such enbodi nent, the segnment matching routine allocated
transgi ssi on $egIRAk %m%dlﬁleﬁﬂs it schefRR xﬁacmﬁ@f‘ouw eI PeRs R EL Mt ivfbt7Be t he
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presempt 20 invention, segnents of the first and second type are often
transmtted at the sane tine, ? wth segnments of different types being
al located to Sigure$ dhstraips a1 eewplet sidnede 80Pmaseordice svthithapicsut | ne 729
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power per trans nit t ed in transm.ttin ts of th
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period, tirferchigegty.aExsmenlsry|cad gede Edngludes 2 rensivist 8G9, ladrensraidter 04 Re second
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on the base statién: transm ssi o
elements 802, 804, 806, 808 may exchange data and 1nformat10n over bus 810.

20 The receiver 802 and the transmitter 804 are coupled to antennas 803, 805, respectively
providing a means for the end node 800 to communicate with the base station 700 via wireless
links. The receiver 802 includes a decoder 812. The receiver 802 receives and decodes
signaling, e.g. data transmissions, which were encoded and transmitted by a base station 700.
The transmitter 804 includes an encoder 816, which encodes signaling prior to transmission.

25

The memory 808 includes routines 820 and data/information 822 as well as traffic
segment information 730 and traffic channel information 731. This information may be the
same as, or similar to, the information included in the base station. The processor 806 controls
the operation of the end node 800 by executing routines 820 and utilizing data/information 822

30 in memory 808 to operate the receiver 802 and the transmitter 804, to perform the processing
controlling basic wireless terminal functionality, and to control and implement the new features
and improvements of the present invention including signaling and processing related to traffic

segment requests and allocation in accordance with the invention.



Furthernore, since the transm ssion segnent of the first type are used for
transmtting to the wreless termnals wth the conparatively good channel
conditions, |ower per tone power transm ssions than the power |evel used
when transmtting segnents of the second type still WD 2005/ 020606
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a | arge nunber of tones to devices mnbh good channel conditions and a
conparatively small er nunber of toned’to devices with poor channel
conditions, efficient use of a limted total transm ssion power budget can
be achieved 5 I n various enbodi nents the schedul e matching routine 728 uses
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node, glm - ¥u_ Eysed i nt erchangeably. Exenplary end node 800 i ncl udes
a recelv? Eh?ﬁp 8 ST SRS tter 804, a processor 806, e.g. CPU, and nenory
808 aoupl ed together via a bus 810. The various elenents 802, 804, 806, 808
may exchange Eta and jnformation over, bus 810. 20 The receiver 802 and the

transmtter 80ACFRIRLILEIYMER2lEnPeied Lo 1ORLNZEGE an pstpEant SR8MPnt Brbvi di ng a
neans f Orrestotil%e@ﬁﬁire RegLaIREMed & 60 WHMRLLCRISinYY 0D, mgrféié&% idfoRthhtfUh 840Ghayi @

wireless links. The receiver 802 includes a decoder 812. The recei vér 802
r ecei ves iaheledrensered levels gn inltérfryence experigated by temwinglessitemynalwSiatys wer e encoded

o0 Lo oo BB ST W D BN BB
808 ilgc! 18d¢maydndladeasqdad ﬁ@ﬁﬂthé&m&ldsmeﬁmlﬁaltfoﬂdﬂclﬁlﬂge afstie] hor@sesotntd, ieg.,
segnent information 730 and traffic channe| Lornatlon 731. This
i nf or mat Itjaﬁo gras st p@uests for more power, requests for hlg er burst data rates, etc. Quality
channel report 846 includes information collected such as Signal-to-Noise ratio, downlink
channel information, and information on the status of the wireless terminal 800 that may be
feed back to the base station 700. Traffic channel assignment information 848 includes
20  information about the assignment segments and the predetermined relationship to traffic
segments of various traffic channels. Traffic channel assignment information 848 may also
include received assignment information, e.g., information received from one or more
assignment segments indicating the assignment of particular traffic channel segments to the
wireless terminal. The received assignment information in combination with traffic segment
25  information 730 and traffic channel information 731 is used by the wireless terminal to

determine which traffic segments it can use for transmission and/or reception of data and the

start time of the assigned segments in the various channels.

Communications routines 824 include various communications applications that may be
30  used to provide particular services, e.g., IP telephony services or interactive gaming, to one or

more end node users,



same as, or simlar to, the information included in the base station. The
processor 806 controls the operation of the end node 800 by executing
routines 820 and utilizing data/information 822 30 in nenory 808 to operate
the receiver 802 and the transmtter 804, to performthe BFOCESSIH

control | i mg Mese0606i rel ess terminal functionality, andPEHURHAYEEI!and

i npl ement the new features and inprgvenents of the present invention

i ncluding signaling and processing r {-ated to traffic segnent requests and

allocation in_accordance with the invention. W, 2005/ 020606

PCT/ US2003/ 02%5¢less termungggniplagutges 82¢eqniabthe Sasie fmedenadiisofithe Vires 824 and
Wi 1 el esSiehaindl dhdlinGedthg fHe opEH’dSﬁ 6k §%@mﬁé}%0@§£@{ecéﬁ}&0§d§ﬁélg&ﬂ &%?atioﬁd udes
user data 832 andnuser . User data 32 may i ncl ude daga to be
transm t@@ore@aptlommcblém d@taémntml momammua@ea, stade ednired, afnd@n‘w@asv@trgl skhgt i on
700, e.g | f ek 836
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e.g. a valu s) aope.. w rel ess term na e the termnal ID
836 and W@ﬁﬁé)g@g{oﬁw%@ﬂ%@awf @wé‘i?e%rﬁ@eﬁtﬂ 0@%&%@6&?%%%}&%. | ot

tone hOpﬂkmﬁl%%9Mﬁﬁ%?§gné9ﬁgﬂﬁ Rﬁéﬁh@%&ak@uﬁaﬁnﬁﬁMn@k&ﬂwﬂﬁhHéﬁﬂcé0 recogn|ze
in an assignnent segnent that "resources have béen allocated to the wireless
t er m nal reg@®ts fonmerefbandwiceh, iergf taquest fastrafGegments mmlcondenqm’aﬁuhedrels@ﬂel s or
interfer X W [.e r 842
may i ncl uggrﬁm %rél% ?ﬁ%%lnl%y?&}rﬁgoégouttné%sﬁ g{la@lrallso é)ﬁoceﬁs %1 éit ev%lua edé % %c% kﬁp

i nf ot@rat includihg n&érieramé ihfod400geneaoUpaliy ré;ro@trﬁnfdﬁﬁuaumr @46@&1&1 sigaamﬁmhlaﬁm a

change of tate, nore.resourc traffi u s for nore
pover, ]E‘Q @rFRﬂrt lﬁfog‘fff@rtomﬁe@tse ﬁétgc’él 709¢ imgecqr %Pce @r@ltf‘? e %& Fd’i‘éport
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channel inform Information on the status of the wireless term nal
800 t hat cheayel lpési greentiS4eiotperformsepetations mpladmg mewemtlorrpﬁasrsmectmfﬁnel

assi gnne i | on 848 i t he nment
segnent S&?#gﬂ{s%é@%%%%xggg?s%cfﬁeg ‘1?&1 a ﬁ‘gﬁs cts%érf or%aélﬁ?rgnﬁzﬂegf vari ous
traf i3 c pilessansiventiofir af fi ¢ channel assi gnrrent [ nfornatl on 848 nmmy al so

i nclude received assignnent information, e.g., information received from one
or nore assignnment segnents indicating the assignnment of particular traffic

channel segmerfeSprésentiffention may be implemented in hardware and/or software. For example,

some aspects of the invention may be implemented as processor executed program instructions.
Alternately, or in addition, some aspects of the present invention may be implemented as

20 integrated circuits, such as, e.g., ASICs.



wireless termnal. The received assignnment information in conbination with
traffic segnent 25 information 730 and traffic channel information 731 is
used by the wireless termnal to determne which traffic segnents it can
use for transm ssion and/or receptiedl-of data and the start tinme of the
assigned segnents in the various channel s. Conmuni cations routines 824

i ncl udewnat isQUSinfedyguni cati ons applications that may be 30 used to provide
particular services, e.g., |P telephony services or interactive ganmng, to
one or nore end node users. W) 2005/ 020606 PCTI US2003/ 025511 -20 Wrel ess
ter 'naﬂ coq%rgl QPutLges % 6dcontroL t he basic functionality of the
wireless terWREMEGEOMHE |n§PTﬂ%$8%eration of the transmtter 804 and
recei ver 80Zstodigiindhed6ned plutity offds 6ERERIaA0n kit 4dbPIiféM Alop IR
hoppi ng sequences, state control, and power control. The wreless termnnal
contr ol oned&tai Merglignd differentibansnissiom segsieat types, oaidrphrabitidoksegined infrgmatioul e

828 5 and a _dat.a and data signaling.modul e 830. The device status control
and 51 GRS HERHBAG Eo & St il B0 randalTRRN s 87w o aripF e Ge Y Yok Fkaa
and 5 edseighed 1of A 1A GoRLoREPILAIAY OPRERMiARS; | ncl uding control of signaling
and processing related to changes in state which includes requests for nore

bandwi dt h, e st sed @l eformaion ingaidi pluraliynedrsets definingopfithhtrersnissipn s¢gment esent

i nventi,on. \Wreless .termnal trol ~routi nes 826 may.al so, process and
eval uat 0o RE TS RS 4R R on detihie s A pbrPEr oMl ag s B PR Bt i ¢
repart pepfuaitimid @ LgMeansl thi %@ﬁ't)épd)ﬁﬂd EbinfioniiRdicatiesa fifst ERMGTUmbenbp 846
to the base station 700, in accordance with the invention. The data and

dat & sitggramisstpmpdisite be g@0smied as part 94 e a¢gmérs of fre finsttypdioner a Brstrperadd o> 836
and traffic_.channel ignpent 848 to rf.or gperations including
recébniIP%ﬁ?Hﬁgggg?ﬁﬁgéﬁyg%ggp%Se%%@ﬁ%%ﬁﬁbéﬁﬁggﬁﬁnaling associated with the
thoge traf fiLses6RdEA10T i Brra@fd idanmelutalify éietsIRARIRSLMHcohdWeMmMiS8on The
present invention nay be inplenented i n hardware and/ or software. For

exafpl esegmephipashestoondsetidianfonmatien defimeg/a besondpumbenofidansmignigrestssp
execut ed progr. instructions. Alterpnately,  or in,addition,. sone aspects of
el pr TR OR R HRE B sappioeh S B absBhe. b Bamatme ndGRE e ac.
. g4 ARb&sd totad humBBASS trsnseligidPéhitso be transmitted as part of a segment of the second

15  type over a second period of time, said second period of time being segmented into time slots;

16 and

17 transmitting information using segments of the first and second types at the same time.

1 2. The method of claim 1, wherein said first number of transmission units per unit time is

2 different from said second number of transmission units per unit time.

1 3. The method of claim 1, wherein the first period of time is different from the second

2 period of time.

1 4 The method of claim 1 wherein said first total number of transmission units is equal to

2 said second total number of transmission units.

1 5. The method of claim 1, wherein the information defining the first total number of

2 transmission units to be transmitted over the first period of time indicates the number of unit

3 time periods included in said first period of time, said first total number being equal to the

4 number of unit time periods included in said first period of time multiplied by the first number
5  of transmission units per unit time.



1 1. A conmunications nethod, conprising: 2 storing in nmenory a plurality of
sets of information each set of information defining 3 one of a plurality of
different transm ssion segnent types, said plurality of sets of information
4 being stored prior to a segnment corresponding to one of said transm ssion
segnent types being 5 assigned to at hgast one of a plurality of
transmtters; 6 a first set of information in said plurality of sets
defining a first transm ssion segnment 7 type, the first set of information
defining a first nunber of transmi ssion units to be transmtted 8 per unit
tim ire a segianéthed of Elginh il,rﬁirthkt’&ﬁnpﬁ’diﬁi%i;tﬁﬁﬂg NBdelt oY ihfHadbh Aefiging ar st

total nunber of 9 transm ssion units to be transmtted as part of a segnent
of £he Huality ef\harafficeghaanglpr st period of 10 tine, said first period of tine
bei Rg segnent [ nt i | OLS - 11 S nd set.of .4 nformati on-in, sai d

pl u?’ ality 01[11 fgrg‘i és&aogfslt‘llncﬁﬁﬁgtg otsfz%%%at rna(%:s1 RSS ﬁﬁt %ﬁf %ce%hr?‘gﬂ ’%aﬁgf“%rﬁ?‘% econd
set 40f dhahy] Beink @efifed hindBidehgSReMRbts I feirsOfratshABS oA Scbiniht u}gje; Said €rst13 be
transmtted per unit tinme in a segnent of the second type, and iInformation

i ndPcattratfic shanmekiaelyding asmzast augergment of thaAsstitsed Pranyrdiven timepadt r ansni t t ed

a1 B S econa hRFE s el o3R8 Mool e toBF CRAMARRE el 17

t r ansmsktdnigraffit ehafilel Béing defge SRAAEINERgQbghaias b thetscadifll atAngidy pes at the
sane time. 1 2. The nethod of claiml1l, wherein said first nunber of

t r a®snissement tyips, saidseeonsriratficichennel inchuding ftanestone segmendiof theessoorl nunber of
tragsm i unij £.s _per. Lt time. 1 3. The nethod of claim 1, wherein the
fi r?t pséglznglgi%ﬁé {11;Ian %“ée%gtllfl?‘erent fromthe second 2 period of tinme. 1 4.
The nmethod of claim1l wherein said first total nunber of transm ssion units

is equal to 2 said second total nunber of transm ssion units. 1 5. The
met Hod of clBiemmathodnéelaim 61 wheteit e fustiona ol egid AN srjs ehimferimationdgfiningibeber

naiPoat B8 THEC SERT bgthet fhefeh ARk PR e 4T ble F sEGher® vRbie T oo

of Bi NMeirsS@dffcthiflel.t ot al nunber being equal to the 4 nunber of unit tinme
periods included in said first period of tine nultiplied by the first nunber
5 of transm ssion units per unit tinme. -22- 1 6. The nmethod of claiml,

fur 4 her& co ﬂesliler:]tgog b (r:lialnng 7|,\|w§1311e:15n t%]z: siecrgnﬁrorrrlgtoif(s)zﬂd%geitsn 'of' Pf8tmation defining

2 the second traffic channel further includes information indicating start times of segments

3 within said second traffic channel.

1 o The method of claim 8, wherein at least some of the start times of segments within said
2 first traffic channel are different from the start times of segments within said second traffic

3  channel.

1 10. The method of claim 8, wherein the first number of transmission units to be transmitted
2 per unit time is different from the second number of transmission units to be transmitted per

3  unit time.

1 11.  The method of claim 8, wherein the indicated start time of segments in the second

2 channel is offset from the indicated start time of segments in the first channel.

1 12.  The method of claim 9, wherein the stored information defining a plurality of N
2 channels, includes information indicating N segment start times, each one of the N segment

3 start times being associated with one of the N channels, the N segment start times being



2 plurality of Ntraffic channels, 3 a first one of said N sets of
information defining a first traffic channel, said first traffic 4 channel
bei ng defined as including segnents of the first transm ssion segnment type,
said first 5 traffic channel including at nost one segnment of the first
type at any given tinme; and 6 a secondpgne of said N sets of information
defining a second traffic channel, said 7 second traffic channel being

ol R e e e R R R R G T

seg@§entgitetpemasloany given tine. 1 7. The nethod of claim6, wherein the
first one of said N sets of information defining the 2 first traffic
channel further includes information indicating start tines of segnents
Wi thin said fl ffi nnely. ;.1 Th ho f..claim wher.ei n
theqsec%hd oTnhgé %¢t5§%9%51%m§é ’s&'g eieﬁ?hotrl%t% }Oéﬁoﬁee%%h?lsn% tgi t eeusggg%tﬁﬁnstn}lgf fic
channelanfyirdghefransadbdisiesnit.nf or mat i on indicating start tinmes of segnments 3
within said second traffic channel. 1 9. The method of claim8, wherein at
| east some of the start tinmes of segnments within said 2 first traffic

crafri o5 crdisafhegbeysanys FheiB shost hBF SobosR SRR Ao HES KPR HEREEr or
t r ansmdigisien muliiplexédsydtbol transiikdidietdmedefied. unit time is different fromthe

second nunber of transm ssion units to be transmtted per 3 unit tinme. 1 11.
The met hod of claim@8, wherein the indicated start time of segnents in the

secqnd ;2 C i f t i ndi e art ti. of s nts in the
fi rgt c Sanngﬁ-g rlﬁét?é& O%lgﬁlr?nt:;t %g{é‘& &%fdgﬂ%@?ﬁ%ﬁrgﬁrﬁ#@%g@ bo: @\ %i ormati on
def 2ni rigclad@etairadshifioMuditchannfitine thag kepdesitd of e JBddndnranssliseidhi Nng N

segnent start tinmes, each one of the N segment 3 start tinmes being
ass@ci desmen type, dhemgthoddurthercompiising; t he N segnent start tines being -23-

Cnait start oRRyHE Beffet orithe AL lbeiios oo R T BHHTRRS oflng S SEURRL, <

eacly titrasslisionGepmesPepeto fist hiBsdebn®derdesd, §4d btepas dildcatidg ddludihggl e
transm ssion unit.
6 determining which of the first and second devices has better transmission

7 channel conditions; and
8 assigning segments of the first transmission segment type to the device
9 determined to have the better transmission channel conditions and assigning segments
10 of the second transmission segment type to the other one of the first and second
11 devices. |
1 16. The method of claim 15, further comprising:
2 allocating a first amount of power per transmission unit to be used in transmitting the
3 segments of the first transmission segment type; and
4 allocating a second amount of power per transmission unit to be used in transmitting
5  the segments of the second transmission segment type, the second amount of power per
6 transmission unit being larger than the first amount of power per transmission unit. -

1 17.  The method of claim 16, wherein the second amount of power per transmission unit is

2 atleast twice the first amount of power per transmission unit.

1 18. A communications apparatus, comprising:




1 14. The method of claim 13, wherein each tinme slot corresponds to an

ort hogonal frequency 2 division nultiplexed synbol transm ssion tine
period. 1 15. The nethod of claim2, wherein segnments of the first

transm ssion segnment type 2 include nore transm ssion units per unit tine
than segnents of the second transm ssigp 3 segnent type, the nethod further
conprising: 4 allocating segnents of the first transm ssion segnent type and

t ft : i S8l . . i d
devPoes. saidigpd Pt ALRRE SEIRToSRMAGh YRR febol Wit ERR",
and3seappdfdelureky dfalsfforent ansivi@isniegficantypds, shidphedaligosthetsi affigforramtibrS

assi gning segnents of the first transm ssion segnent type to the device 9
det &r nibeEe LLreA puieT tonsasaiant FOReSRABHNG &9 one el aithErnsEH IR sepmenhRtPeatengni ng

seggentﬁs-g&e(ht%faéﬁé%% cage\(il ngslwa?gigé%gﬂﬁn% gnent type to the other one of the

first and secon ’hod of claim 15, further

conmpri si ng: aXist dep ofinfongnAiohiin Shid ity dfse@efhinger fifst RMMiSSor0seguitnt t o be
used in transpitting. the 3 segnents_of the first transm ssion segnment type;
and 74 dVPo &l firghses o étfematwp%mﬁa feshavmperrofttrans@issios; us i pe trepsmpiiiedised
in transmtti-ng - t 4 1.5S) t e, the
secind ahuhi fiin 3 sE0RCACHTRC iR Roe B4 BRGNS IRIRHIE Ak REATRALEFT, o

amognt teinspdsdh udets té banamdnsistedas pirt bf a deghtent dhthenBs9fe ol erd Adstpdrind other ei n
t he second anmount of power per transm ssion unjt is 2 at least tw ce the
firl8t dimiseiddirsipariod gfdvme being peesranisd ink ime $loig. A communi cati ons

ar mat s on eae £ 9 e Pan PR BRI T ok o] Kol B85,

di flRer eggmehtRpelithsc@0nd egOE Mfotn#esh defmiink Pidebad htimberf ofSeirsmidsidnndrmitsn&t i on
4 being stored prior to a segnment corresponding to one of said transm ssion
sedrentPettiansmitieg neg uni timesingegment of the sepond byie, and mformpationjindicging a

trgnsm : i . i.nf.or i I i I i et

et e SRl bt O Shnilor BB aRybfRed i Bl s Bdehdie B im0

defiisni ngpaoddriaskcaidnreiodo tini RSidisscdndperiod o$ titn@ Heend deahfemtddtiam tirfe plots; uni t
tinme in a segnent of the first type, and information indicating a first

t otl@l rAMdber of

17 a transmitter coupled to said memory for transmitting data in segments of the first and

18  second types at the same time.

1 19.  The apparatus of claim 18, wherein said first number of transmission units per unit time

2 s different from said second number of transmission units per unit time.

1 20. The apparatus of claim 18, wherein the first period of time is different from the second

2 period of time.

1 21.  The apparatus of claim 18 wherein said first total number of transmission units is equal

2 to said second total number of transmission umnits.

22.  The apparatus of claim 18, wherein the information defining the first total number of
transmission units to be transmitted over the first period of time indicates the number of unit
time periods included in said first period of time, said first total number being equal to the

number of unit time periods included in said first period of time multiplied by the first number

w» WD =

of transmission units per unit time.



9 transmission units to be transmtted as part of a segnment of the first
type over a first period of 10 time, said first period of tinme being
segnented into tinme slots; 11 a second set of information in said plurality
of sets defining a second transm ssion 12 segnent type, the second set of
information defining a second nunber of5transm ssion units to 13 be
transmtted per unit tine in a segnent of the second type, and infornmation

| ndicating. arikhepSOARC iRl 104G QA ASTISAAGIYTALe Lo be transnitied

as part of a se nt of the sécon ver a second period of tine,
sai @ second h@eetsoﬂuxfbrmatmdmﬁmngg splgradity efiNitraffic thammelst ot s; 16 and 17 a

transmtter c | ed for transm t|n ata in se nts of the
fird and  Pelish fef Wﬁ@sﬁ%ﬁ ihlgMaation éq fog 4 i%t cl},aeaglp SRS m
18, gwhedighik] $Rin gd‘eﬁ'hééi aé‘%ﬂéﬁﬁl‘i nggieIgHeﬁ&SdPtﬁéﬁféE‘trHﬁEnh%mBﬁ’Eeggﬁ‘é&t t}tgie”?md %réts

different from second transm ssion units t1ne. 20.
The Sappeaffit obarmel mchidingl8, mcm enebegndnt of thedirstgpé atchnyf givem@miesamd f f er ent

fromthe second f tine..1 21. .appar at ys | ai m 18 ,wherein
sai & first to{EP™ ‘ﬁﬁ‘%’o‘étlrsa& ﬁtslc%fgeﬁ’il@gp?)tho% r}f”éné) Sg’ﬁﬂgltra%i?c &@“QS# ffidecond
totgl nuBhgRr trﬁﬁctché’rﬁl%'lrbélﬁg Ql@ﬁHéH isslncl%ldl%% se%ﬁ@n@%?ﬂ{easteh'énd){rarfshﬂbs”&r;8 wher ei n

the infornati on definin first total nber of 2 transm ssion units to
be t8r ansginebetype\serd stehamd irafftc chenned chobiding atemosiaine atgsenthd theisdoend of unit 3

rrﬁ periods included.in said first period of tinme, said first total nunber
be| g

SERENt yPE ALY §iVsbEMCof unit time periods included in said first

period of time multiplied by the first nunber 5 of transm ssion units per
unit tinme. -25- 1 23. The apparatus of claim 18, wherein said nenory further
i nclludext.  2Thd appamtwsf oficldior 26 twhereio ¢id fiishoneaofisaid Mlsetsyof dnﬁfobﬂnatlicaf ddfming
channel said N s?ts of information.defi afir

Crafr o i artic SyngelpRbe Prlsars BP0 dhelhn iR RisHEt HEFT ARSI IRIGR ng

segrgentsgld)ﬁrsg{}gfffcldhgﬁnglransm ssion segnent type, said first 5 traffic
channel including at npst one segnent of the first type at any given tineg;

and 6 a second one of said N sets of information defining a second traffic
cha nel ,_ sai 7 second. traffi¢c channel i ef.i d as._.i udj ng ment s
of t e Zecorthe FRAGROLEIM 24 @w&hetsml ol Saidd s B intpriondaie

i nchudi g s@lonfRa i O RnAEGTRAL: AEubEOEinFGRARGN indicating start times of segments

3 within said second traffic channel.

1 26. The apparatus of claim 25, wherein at least some of the start times of segments within
2 said first traffic channel are different from the start times of segments within said second

3 traffic channel.

1 27.  The apparatus of claim 25, wherein the first number of transmission units to be
2 transmitted per unit time is different from the second number of transmission units to be

3 transmitted per unit time.

1 28.  The apparatus of claim 25, wherein the indicated start time of segments in the second

2 channel are offset from the indicated start times of segments in the first channel.

1 29.  The apparatus of claim 26, wherein the stored information defining a plurality of N
2 channels, includes information indicating N segment start times, each one of the N segment

3 start times being associated with one of the N channels, the N segment start times being



9 segnent type at any given tine. 1 24. The apparatus of claim 23, wherein
the first one of said N sets of information defining 2 the first traffic
channel further includes information indicating start tines of segnments
within 3 said first traffic channel. 1 25. The appatus of claim 24, wherein
the second one of said N sets of inforpgiion defining 2 the second traffic
channel further includes information indicating start tinmes of segnents 3
within L: AT [ I 6. Th atus. of .claim?25 wherein
at PeashAUbnEE PRI b FafARICR e haShowbSytiRBF Kol whe Ml fvar e
channelgiedgretisle §foer ent from the start tinmes of segnments within said second 3
traffic channel. 1 27. The apparatus of claim25, wherein the first nunber
of transm ssion units to be 2 transmtted per unit tinme is different from

t he ;se d t 1 £l i 1510 It £ nit time.
128 TRE apa g Bl IR 25 e Bleh il Bopr b PAIOfe ile BRI
segrenttgansmittdhg sitonahsndssitmonieél are offset fromthe indicated start tines
of segnments in the first channel. 1 29. The apparatus of claim 26, wherein
the stored information defining a plurality of N 2 channels, includes

i nfqr i on ndj [ g . ' £ nt 3
stant Tihes Ba o An A ARSI R R s erhE S (R R ISR o 2,
ti m@s hacloge mdbe trdnsthisdion buitsegkr tuditrtinid thad Sednfiéhty &f thalsecvnditankMessiBaxi mum
nunber of segnents that start in any 5 given tine slot. 1 30. The apparatus
of &l aisegpont typethe apparatys fsther e@mpidsipgsponds to the tine used to 2
transmt any..sj 1SS i e ' 9,
whorein segnmard Tgre AR IpARY of Bietrsthnd SeoohaRCTRBERE! 6P

t r ads m d@ahml conditisngandunit tine than segnments of the second transm ssion 3

segnent type, the apparatus further congrising; 4 means for determ ning
whi €h of t hengansder assigningcsamentsaf dhaslinghansmipsion seemeabhinsite the devidtannel

cognent iAo halE HithclBF y AR A hASPITERLRICR ahd Fel il sl RARRARL T
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32.  The apparatus of claim 18, further comprising:

means for allocating a first amount of power per transmission unit to be used in
transmitting the segments of the first transmission segment type; and

means for allocating a second amount of power per transmission unit to be used in

transmitting the segments of the second transmission segment type, the second amount of
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power per transmission unit being larger than the first amount of power per transmission unit.

1 33.  The apparatus of claim 32, wherein the second amount of power per transmission unit

2  is at least twice the first amount of power per transmission unit.

1 34.  The apparatus of claim 33, wherein said apparatus is a base station.

1 35.  The apparatus of claim 34, wherein said apparatus is a wireless terminal.

36.  An apparatus comprising:

a processor configured to:

store in memory a plurality of sets of information each set of information

BWN

defining one of a plurality of different transmission segment types, said plurality of sets of



8 second transm ssion segnent type to the other one of the first and second
devices. 1 32. The apparatus of claim 18, further conprising: 2 nmeans for
allocating a first amount of power per transmission unit to be used in 3
transmtting the segnents of the first transm ssion segnent type; and 4
means for allocating a second anmount abp7power per transm ssion unit to be
used in 5 transmtting the segnents of the second transm ssion segnent
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1 37. A computer readable medium embodying machine executable instructions for
2 controlling a device to implement a communications method, the method comprising:
3 storing in memory a plurality of sets of information each set of information defining
4  one of a plurality of different transmission segment types, said plurality of sets of information
5  being stored prior to a segment corresponding to one of said transmission segment types being
6 assigned to at least one of a plurality of transmitters,
7 a first set of information in said plurality of sets defining a first transmission
8  segment type, the first set of information defining a first number of transmission units to be
9 transmitted per unit time in a segment of the first type, and information indicating a first total
10 number of transmission units to be transmitted as part of a segment of the first type over a first
11 period of time, said first period of time being segmented into time slots, and
12 a second set of information in said plurality of sets defining a second
13 transmission segment type, the second set of information defining a second number of
14  transmission units to be transmitted per unit time in a segment of the second type, and
15 information indicating a second total number of transmission units to be transmitted as part of
16  asegment of the second type over a second period of time, said second period of time being
17  segmented into time slots; and



19 tinme. 1 37. A conputer readable nedi um enbodyi ng machi ne executabl e
instructions for 2 controlling a device to inplenent a conmunications

nmet hod, the nmethod conprising: 3 storing in nenory a plurality of sets of

i nformation each set of information defining 4 one of a plurality of
different transm ssion segnent types, ggid plurality of sets of information
5 being stored prior to a segnent corresponding to one of said transm ssion
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defining a first transmssion 8 segnent type, the first set of information
defl ni %a first nupber of transm ssion units to be 9 transmtted per unit
ey FRMIMUBHCAIRES APRAEAtUs,\CRRIPIISIRG: | nf or mati on i ndicating a first
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t he 4secBHymaten Being stoseariordA afeemant fPrgsrRAefonRsid saidftrangmissionfsgment on

uni tssff)? Qi f&%@n&&?@aﬂ%sﬂﬂé Bféb{ﬁgtlg?og‘grﬁrxger (@)#s of the second type, and

15 in tro atin econd ’transmi ssion units to be

tragsmtted as parfirsoet ofﬁnfarrﬁaztgxmntsaldfphhﬂahtys(ff(semdiefymg ofisst transheissiod peri od
of time, said second period of time being 17 segmented into time slots; and
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types, said plurali of sets of 4 information bejng stored prior to a
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over a lrst sal iTSt erlo tirme being s grrente
i ntid tiasegalent of tharsebond type over a second period of tlme said second period of time being

16  segmented into time slots; and
17 transmitter means coupled to said memory means for transmitting data in segments of

18 the first and second types at the same time.

1 39. The apparatus of claim 38, wherein said first number of transmission units per unit time

2 s different from said second number of transmission units per unit time.

1 40.  The apparatus of claim 38, wherein the first period of time is different from the second

2 period of time.

1 41.  The apparatus of claim 38 wherein said first total number of transmission units is equal

2 to said second total number of transmission units.

1 42,  The apparatus of claim 38, wherein the information defining the first total number of
2 transmission units to be transmitted over the first period of time indicates the number of unit

3 time periods included in said first period of time, said first total number being equal to the



11 a second set of information in said plurality of sets defining a second
12 transm ssion segnent type, the second set of information defining a
second nunber of 13 transmission units to be transmtted per unit tine in a
segnent of the second type, and 14 information indicating a second total
nunber of transm ssion units to be trapgmtted as part of 15 a segnent of
the second type over a second period of tinme, said second period of tine
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sai 3 m&n%b%?rgrggﬂgeﬁglp%?%%grgnﬁg ‘t%% %gsal ait%gpﬁ)e}nl%gtgg?}ient sﬁlt(t)1 [legg?tﬁﬁe Irst and
second dfymasm@sioh heitsperamititee. 1 39. The apparatus of claim 38, wherein said
first nunber of transm ssion units per unit time 2 is different fromsaid
second nunber of transm ssion units per unit tine. 1 40. The apparatus of
claim 38, wherein the first period of tine is different fromthe second 2
period of tinme. 1 41. The apparatus of claim 38 wherein said first total
nunber of transm ssion units is equal 2 to said second total nunber of
transm ssion units. 1 42. The apparatus of claim 38, wherein the information
defining the first total nunber of 2 transm ssion units to be transmtted
over the first period of tine indicates the nunber of unit 3 tine periods
included in said first period of time, said first total nunber being equal
to the -29- 4 nunber of unit time periods included in said first period of
time multiplied by the first nunber 5 of transm ssion units per unit tine.





